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I n t r o d u c t i o n  

The space  v e h i c l e  c o n f i g u r a t i o n s  f o r  t h e  f i rs t  two 
dua l - l aunch  AAP m i s s i o n s  have been unde r  i n t e n s i v e  s t u d y  and 
p r e l i m i n a r y  d e s i g n  s i n c e  t h e  c o n f i g u r a t i o n  s e l e c t i o n  was made 
l a s t  November. Dur ing  t h i s  p e r i o d ,  t h e  s p a c e c r a f t  module 
w e i g h t s  have i n c r e a s e d  t o  t h e  p o i n t  where t o d a y  t h e r e  are  s e r i o u s  
per formance  problems i f  a l l  c u r r e n t  r e q u i r e m e n t s  are t o  be  m e t .  
We are s t i l l  one and one-ha l f  t o  two years b e f o r e  l aunch  and 
ye t .  p a y l o a d  margins  a r e  v e r y  s m a l l ,  even  r i ega t ive  i n  some c a s e s .  
O f  c o u r s e ,  t h e s e  numbers are f l u c t u a t i n g  from week t o  week.  
However, a t  t h i s  p o i n t  i n  t i m e  it i s  d e s i r a b l e  t o  have some p o s i t i v e  
margin t o  a l l o w  f o r  growth d u r i n g  d e t a i l e d  d e s i g n  and f a b r i -  
c a t i o n  o f  f l i g h t  hardware .  I n  t h i s  memorandum w e  w i l l  p r e s e n t  
a f l i g h t - b y - f l i g h t  p i c t u r e  o f  t h e  c u r r e n t  we igh t  and per formance  
s t a t u s  f o r  t h e s e  two AAP m i s s i o n s .  

A A P - 1  ( 2 0 7 )  

The CSM and LMSS Payload Module p l u s  r a c k  w i l l  be  
i n s e r t e d  i n t o  an 81 x 120 nm o r b i t .  C i r c u l a r i z a t i o n  w i l l  be  
done w i t h  t h e  SPS.  After  abou t  f i v e  days  of LMSS checkou t ,  
t h e  CSM/LMSS w i l l  r endezvous  w i t h  AAP-2 a.t. 270 nmi KSC has 
been  u s i n g  a l aunch  v e h i c l e  c a p a b i l i t y  o f  39 ,900  l b s .  i n s e r t e d  
by 2 0 7  i n t o  t h e  81 x 120 nm o r b i t ,  w h i l e  MSFC h a s  adop ted  a 
b a s e l i n e  c a p a b i l i t y  o f  40,300 l b s .  Nominal 5-2 e n g i n e  t h r u s t  
of 200K h a s  been  used  b y  b o t h  Cen te r s  f o r  t h e  207 v e h i c l e .  
Subsequent  u p r a t e d  S a t u r n  I v e h i c l e s  w i l l  have 205K 5-2 e n g i n e s  

One of  t h e  b i g g e s t  u n c e r t a i n t i e s  on t h i s  f l i g h t  i s  
t h e  LMSS w e i g h t .  Weights r a n g i n g  from 4500 t o  7850 l b s .  have 
been  q u o t e d  d u r i n g  t h e  p a s t  month. The f i n a l  LMSS conf igu-  
r a t i o n  has n o t  been  e s t a b l i s h e d  pending  d e c i s i o n  r e g a r d i n g  t h e  
e x t e n t  o f  m o d i f i c a t i o n s  f o r  docking t o  t h e  O r b i t a l  Assembly, 
f o r  c a r r y i n g  a d d i t i o n a l  expe r imen t s  and f o r  s t o r a g e  and r e u s e  
i n  e a r t h  or l u n a r  o r b i t .  The SPS p r o p e l l a n t  w e i g h t s  w i l l  
f l u c t u a t e  c o r r e s p o n d i n g  t o  t h e  a c t u a l  LMSS w e i g h t .  T a b l e  I 
p r e s e n t s  t h e  most r e c e n t  performance and we igh t  f i g u r e s  f o r  
A A P - 1  a l o n g  w i t h  t h e  s o u r c e  of t h e  f i g u r e s .  
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TABLE I 

AAP-1 ( 2 0 7 )  

MS C - P a y l o a d  Weights  ( l b s )  MSFC 

CSM ( I n e r t )  2 3 , 3 0 0  23,700 

SPS ( P r o p e l l a n t s )  4,000 4,250 
SLA 

LMSS (With  Rack) 
3,950 3,900 

6 ,585  7,850 

Tot  a1 P a y l o a d  37,835 39,700 
P a y l o a d  C a p a b i l i t y  40,300 39,900 
Margin + 2 , 4 6 5  +200 

I 

N e i t h e r  of  t h e  CSM w e i g h t s  above i n c l u d e  any RCS 
p r e p e l l a n t  beyond t h e  c u r r e n t  Block II Apoi io  l o a d i n g  o f  1224 l b s  
u s a b l e .  However, t h e  l a t e s t  estimate by MPAD,  MSC, i n c l u d i n g  
a l l o w a n c e s  f o r  r endezvous  d i s p e r s i o n s  and  suppGr ted  by sirnula- 
t i o n s  w i t h  man i n  t h e  loop, i s  t h a t  1 7 9 3  l b s .  o f  RCS p r o p e l l a n t  
w i l l  b e  needed  f o r  AAP-1.  S t i l l  n o t  i n c l u d e d  i s  any p r o v i s i o n  
for backup d e b o o s t .  Means o f  augmenting t h e  RCS t a n k  c a p a c i t y  
are u n d e r  c o n s i d e r a t i o n  a t  MSC. The " four -on- the-door"  modi- 
f i c a t i o n  would p r o v i d e  an a d d i t i o n a l  1176 l b s .  o f  u s a b l e  RCS 
p r o p e l l a n t  and a d d  718 l b s .  o f  dry w e i g h t .  T h i s  would r e d u c e  
t h e  MSC margin  for A A P - 1  t o .  -1694 lbs.! 

AAP-2 ( 2 0 9 )  

T h i s  f l i g h t  w i l l  r e s u l t  i n  t h e  s p e n t  E-IVB s t a g e  w i t h  
t h e  A i r l o c k  Module ( a n d  M u l t i p l e  Docking A d a p t e r )  b e i n g  i n j e c t e d  
i n t o  a 270 nm c i r c u l a r  o r b i t .  Two p a r a l l e l  and a p p a r e n t l y  
i n d e p e n d e n t  d e s i g n  e f f o r t s  on t h e  Airlock/MDA are  b e i n g  con- 
d u c t e d  a t  MSC and  MSFC. The r e s u l t  i s  a d i s p a r i t y  i n  t h e  
Airlock/MDA w e i g h t s  p r o j e c t e d  by t h e  two C e n t e r s .  Also MSFC 
h a s  b e e n  u s i n g  a 260 nm o r b i t  f o r  t h i s  f l i g h t  which  g i v e s  them 
900 l b s .  a d d i t i o n a l  p a y l o a d  c a p a b i l i t y .  T a b l e  I1 shows t h e  
most r e c e n t  f i g u r e s  f o r  AAP-2 w i t h  t h e  MSFC numbers a d j u s t e d  
f o r  a 2 7 0  nm o r b i t .  
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TABLE I1 

AAP-2 ( 2 0 9 )  

Pay load  Weights  ( l b s )  

SLA 

Nose Cap 
AM/MDA 

E xp e r i m e  n t s 

L/V Mods 

MSFC MS C - 
4,100 4,050 
1 , 0 6 7  1 , 0 0 0  

16,155 18,400 
1 , 9 2 7  1 ,500  

2,384 2 , 3 8 4  

Yaw S t e e r i n g  Rese rve  2 50 
Tot a1 P a y l o a d  

Pay load  C a p a b i l i t y  
25,633 2 7 , 5 8 4  
27,000 27,050 

Margh  + 1 , 3 6 7  -534 

A s  i n d i c a t e d  above ,  t h e  h e a v i e r  MSC A i r i o c k  d r i v e s  
t h e i r  p a y l o a d  margin  n e g a t i v e .  

AAP-3 ( 2 1 1 )  

F l i g h t  AAP-3 w i l l  i n j e c t  i n t o  o r b i t  a CSM and  r e s u p p l y  
p r o v i s i o n s  f o r  a 56-day m i s s i o n .  The CSM must r endezvous  w i t h  
t h e  LM/ATM l a u n c h e d  on AAP-4 and  t h e n  r endezvous  w i t h  and dock 
t o  t h e  O r b i t a l  Workshop l a u n c h e d  on AAP-2. The two C e n t e r s  
p ropose  q u i t e  d i f f e r e n t  p r o f i l e s  for t h i s  m i s s i o n .  

MSC p r o p o s e s  t h a t  t h e  resii.pp1y p r n v i s i s ~ s  b e  caYi- led 
i n  the  S e r v i c e  Module. By removing t h e  SPS s t o r a g e  t a n k s ,  two 
S e c t o r s ,  i n  a d d i t i o n  t o  S e c t o r s  I and I V ,  would b e  a v a i l a b l e  
i f  n e e d e d .  A s o l i d - r o c k e t  r e t r o  pack would be  added f o r  d e b o o s t  
and  t h e  RCS t a n k  c a p a c i t y  augmented. Assuming t h e  " four -on- the-  
door"  m o d i f i c a t i o n  p r o v i d i n g  2 4 0 0  l b s .  t o t a l  u s a b l e  RCS p r o -  
p e l l a n t ,  t h e  CSM w i t h  r e s u p p l y  p r o v i s i o n  would weigh an e s t i m a t e d  
3 1 , 6 9 7  l b s .  However, t h e  c u r r e n t  RCS budge t  p r e p a r e d  a t  MSC 
f o r  t h e  CSM on AAP-3 r e q u i r e s  2 6 2 4  1 b s .  which e x c e e d s  even  t h e  
c a p a c i t y  o f  t h e  augmented sys t em!  T h i s  RCS budge t  p r o v i d e s  f o r  
two r endezvous  o p e r a t i o n s ,  a t t i t u d e  c o n t r o l  for t h e  O r b i t a l  
Assembly, r endezvous  and d o c k i n g  d i s p e r s i o n s ,  and  a 6 %  gaug ing  
e r r o r .  I n  o r d e r  t o  have s u f f i c i e n t  pe r fo rmance  c a p a b i l i t y  t o  
b o o s t  t h e  supp ly - l aden  CSM, MSC p l a n s  t o  i n s e r t  t h e  CSM i n t o  
an 8 1  x 1 2 0  nm o r b i t .  The SPS would p e r f o r m  s u b s e q u e n t  p r e -  
r endezvous  p r o p u l s i v e  maneuvers .  
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The MSFC b a s e l i n e  p l a n  assumes a Resupply  Module will 
c a r r y  t h e  56-days '  worth of  p r o v i s i o n s .  T h i s  means t h e  CSM must 
f i r s t  r endezvous  w i t h  t h e  O r b i t a l  Workshop and dock t h e  Resupply  
Module b e f o r e  p r o c e e d i n g  t o  rendezvous  w i t h  t h e  LM/ATM. E x t r a -  
p o l a t i n g  f rom t h e  D'ISC RCS b u d g e t ,  t h i s  a d d i t i o n a l  r endezvous  
would p r o b a b l y  r e q u i r e  700-800 l b s .  o f  RCS p r o p e l l a n t  i n  
a d d i t i o n  t o  t h a t  r e q u i r e d  for t h e  MSC mode. The CSM weigh t  
y i v e n  i n  t h e  MSFC b a s e l i n e  p l a n  makes n o  p r o v i s i o n  for any RCS 
c a p a c i t y  beyond t h a t  o f  t h e  Block I1 Apol lo .  I n  t h e  MSFC p l a n ,  
t h e  AAP-3 i n j e c t i o n  o r b i t  i s  s p e c i f i e d  t o  b e  81  x 280 nm. I f  
a lower  apogee ( e . g .  1 2 0  nm) were d e s i g n a t e d  and t h e  SPS used  
for t h e  rest of t h e  main p r o p u l s i o n  b u r n s ,  more t h a n  1 0 0 0  lbs. 
e x t r a  p a y l o a d  c o u l d  be  made a v a i l a b l e .  The MSFC Resupply  Module 
w e i g h t ,  6350 l b s . ,  i s  an  a l l o c a t i o n  f o r  t h a t  module,  n o t  a 
d e s i g n  w e i g h t .  

T a b l e  I11 g i v e s  t h e  c u r r e n t  we igh t  and  pe r fo rmance  
breakdown f o r  AAP-3. 

TABLE I11 

AAP-3 ( 2 1 1 )  

I n s e r t i o n  O r b i t  

P a y l o a d  Weights  ( l b s . )  

CSM ( I n e r t )  
SPS 
SLA 
L/V Mods 

Resupply  Module 
Y a w  S t e e r i n g  Rese rve  

T o t a l  P a y l o a d  

Pay l o  ad Cap ab i 1 it y 

Margin 

MS C - MSFC 

81 x 2 8 0  81  x 1 2 0  

23,300 
4,300 
3,950 

6,350 
500 

38,400 

38,400 

0 

31,697 
3 ,500  
3,900 

40 0 

350 

39,847 

4 0  , 740 

+89 3 
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AAP-4 ( 2 1 0 )  

T h i s  f l i g h t  w i l l  i n j e c t  t h e  LM/ATM i n t o  a 240 nm 
c i r c u l a r  o r b i t  t o  await rendezvous w i t h  t h e  CSM from AAP-3. 
The most s i g n i f i c a n t  d i f f e r e n c e  between MSFC and MSC on t h i s  
f l i g h t  l i e s  i n  t h e i r  estimates o f  t h e  LM/ATM w e i g h t .  T h i s  
can b e  s e e n  below i n  Table I V ,  which i n d i c a t e s  t h e  c u r r e n t  
we igh t  and per formance  breakdown f o r  AAP-4.  

TABLE I V  

AAP-4 ( 2 1 0 )  

Pay load  Weights  ( l b s )  MSFC MS C 

SLA 

L/V Mods 
LM/ATM 
Nose Cap 

Y a w  S t e e r i n g  Reserve  

3,950 4,050 
600 400 

24,072 21,812 

1 , 0 6 7  1 , 0 0 0  

250 

T o t a l  Pay load  29,689 27 ,512  

P a y 1  oad  C a p a b i l i t y  29,800 29,410 

Margin +111 +1,898 

While t h e  two C e n t e r s  d i f f e r  s l i g h t l y  on most i tems,  
t h e  LM/ATM weight c l e a r l y  c o n t r o l s  t h e  a.moi.i.nt o f  pay load  margin 

Conc lus ion  

I n s p e c t i o n  of T a b l e s  I-IV i n d i c a t e s  t h a t ,  f o r  t h e  
f i r s t  f o u r  AAP f l i g h t s ,  where per formance  margins  do e x i s t  t h e y  
are small i n d e e d ,  e s p e c i a l l y  when c o n s i d e r i n g  t h a t  d e t a i l e d  
d e s i g n  and hardware  

102  1-KEM-bap 

copy t o  
See n e x t  page  
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